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ABSTRACT

An experiment was performed to determine if the administration of

ergotamine tartrate to simulate fescue toxicosis alters the ability of the uterus to
establish and maintain pregnancy following transfer of frozen-thawed embryos.

Forty five heifers (x = 317.4 kg) that had exhibited two normal estrous cycles
received corn silage top dressed with a 2:1 supplement of ground corn:soybean
meal mixed with either 0(CON, n=25) or 40 ug/kg body weight(BW)of

ergotamine tartrate (ET) daily (TRT, n=20). All animals were fed their respective
treatment diets for a 30-d adjustment period and continued until determination of
pregnancy status. Heifers were monitored weekly for changes in BW and
content of ET was adjusted accordingly. After the 30-d adjustment period, estrus
(d=0) was synchronized with SyncroMate-B and followed by the placement of
two embryos with an average quality score of 2.4 (range 1, excellent to 4, poor)

into the uterine horn ipsilateral to the CL on d 7. Quality scores of CL (range 1,
excellent to 3, poor) and embryos were determined by two experienced
technicians. Heifers were bled weekly by jugular venipuncture for determination

of progesterone (P4) and prolactin (PRL). Pregnancy (presence of an embryo
with heartbeat) was determined 28 d after embryo transfer by transrectal

ultrasonography utilizing a 7.5 MHz transducer. Concentrations of PRL were
lower in TRT (173.6 ± 21 ng/mL) than in CON heifers (274.1 ±21 ng/mL;P<
.005). Average daily gain was not affected by treatment (pooled ADG = 1.3 kg/d;
P > .10). Pregnancy rates did not differ(P >.10) between CON (8/25; 32%)and
ill

TRT (10/20; 50%)animals. Rectal temperatures at the time of embryo transfer
tended to be higher(P= .06) in TRT(39.6°C ± .1) than in CON (39.2°C ± .1).
Furthermore, neither concentrations of P4 on the day of embryo transfer (3.9 ± .3

ng/mL) nor CL quality score (1.6 ± .2) had any effect on pregnancy rates(P >
.10). In conclusion, the uterine environment of heifers during simulated fescue
toxicosis is suitable for maintenance of embryonic development and
establishment of pregnancy.
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1. INTRODUCTION

Reduced reproductive efficiency is a common problem that plagues beef
cattle producers in the United States. One cause of reproductive failure is the
consumption of endophyte- {Neotyphodium coenophialum) infected (E+) tall
fescue (for review see Oliver, 1997). Tall fescue, a cool-season perennial grass,
is one of the most widely grown forage species in the U.S., occupying about 3537 million acres (Fribourg et al., 1991; Thompson et al., 1993). It has been

estimated that cattle losses from grazing E+ tall fescue exceeds $600 million
dollars per year. This includes $354 million from reproductive losses and $255
million from decreased weight gains (Peter, 1994).

Cattle grazing tall fescue infected with the endophyte often exhibit signs
of fescue toxicosis (Mizinga et al., 1992). Affected cattle are usually
hyperthermic with reduced feed intake, average daily gain (ADG), and serum
prolactin (PRL) which can cause decreased milk production. Furthermore,

roughened hair coat, decreased tolerance to elevated ambient temperatures,
photophobia, and gangrenous conditions of the extremities are also observed

(Danilson et al., 1985; James et al., 1992; Peter, 1994). In addition, cattle
grazing E+ tall fescue have reduced serum cholesterol and melatonin (Porter
and Thompson, 1992).

Pregnancy is also compromised by fescue toxicosis. Porter and

Thompson (1992) estimated that conception rates decrease 3.5% for each 10%
increase in fungal infestation. Pregnancy rates ranged from 67 to 72% in cows
1

grazing E+ tall fescue pastures as compared to rates of 86 to 91% in cattle
grazing uninfected (E-) pastures (Fanning et al., 1992; Peters et al., 1992; Porter
and Thompson, 1992).
Losses associated with fescue toxicosis appear to be occurring before

day 30 of pregnancy as demonstrated by J.C. Waller and F.N. Schrick (personal
communication). In addition, Rahe et al. (1991)suggested that losses were

occurring after day 7 of pregnancy. Furthermore, Seals et al. (1997) reported
that follicular development was not altered in heifers fed ergotamine tartrate (ET)
to simulate tall fescue toxicosis who used daily ultrasound to map the growth of
follicular development. However, pregnancy rates were lower in treated animals
(57%)as compared to controls (100%). Therefore, the period of concern
appears to be before day 30 of pregnancy.

2. REVIEW OF THE LITERATURE
Fescue Toxicosis

Tall fescue {Festuca arundinacea) is a cool-season perennial commonly
used for pasture and hay by beef and dairy producers in the eastern United
States. It is estimated that 35-37 million acres of tall fescue in the United states

contain the endophyte, Neotyphodium coenophialum (Fribourg et al., 1991;

Thompson et al., 1993). In a survey of 21 states, tall fescue \A/as used primarily
for hay and pasture, with 8.5 million cattle grazing these pastures (Hoveland,
1993). Tall fescue is well adapted to a wide array of environments but

predominates in the transition zone between the southern and northern regions
of the eastern UnitedStates (Figure 1; Williams et al., 1984).
Tall fescue is a popular forage because of ease in establishing pastures,

wide range of adaptation, long grazing season, and heat and pest tolerance
(Fribourg et al., 1991). Tall fescue was first introduced into the United States

from Europe in the late 1800's, but did not come into widespread use until well

into the 20'*^ century (Peter, 1994). The early history of tall fescue as an
excellent forage species is paralleled by documentation that this grass produced
toxic effects in cattle (Bacon, 1995). It has been recognized that 95% or more of
the tall fescue grown in the U.S. is infected, to varying degrees, with N.

coenophialum. The degree of toxicity of fescue forage is related to the degree of
infection by this endophytic fungus (Yates and Powell, 1988).
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Figure 1. Map of portion of the United States showing the approximate range of
major tail fescue adaptation in the Southeast(Thompson et a!.,
1993).

Early researchers suspected that the alkaloids, perloline and N-acetyl
and N-formyl loline, were the causative agents of fescue toxicosis (as reviewed
by Osborn et al., 1992). Further studies have proven that the peptide ergot
alkaloids, primarily ergovaline, are the toxic components (Yates et al., 1985;

Belesky et al., 1988). Finally, blood serum of steers grazing E+ tall fescue has
indicated the presence of ergovaline (Fribourg et al., 1991) indicating its
absorption from the gut into the bloodstream.

Ergot alkaloids (ergovaline and loline), similar to those found in the

fungus Claviceps purpurea, are produced by the fescue endophyte (Peter,
1994). Although Claviceps infects fescue, it is a localized ovarian infection as
opposed to the systemic, endophytic nature of Neotyphodium (Porter and
Thompson, 1992). Neotyphodium coenophialum is a seed borne, intercellular,
systemic endophyte that resides within the leaf, sheaths, and flower culms
(Figure 2) of the grass host (Porter and Thompson, 1992).

r
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Figure 2. The endophyte, N. Coenophialum, is located within the seed, leaf,

sheaths, and culms (arrow) of the host plant (Fribourg et al., 1991).

Ergopeptide alkaloids, predominantly ergovaline, constitute 10 to 50

percent of the total ergot alkaloid concentration (Lyons et al., 1986).
Rottinghaus et al. (1991) reported that ergovaline levels in infected plant tissues
were 300-500 g/kg from March through mid-June and increased in seed heads
to 1000-5000 g/kg in late June (Figure 3).
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Figure 3. The endophytic fungus as quantified by FiPLC and indicated by the
arrow (Fribourg et al., 1991).

The presence of ergovaline and other ergot alkaloids in tall fescue at high
levels is of concern due to their wide range of potent physiological activities

(Yates and Powell, 1988). One of the more detrimental effects to the animal is
the vasoconstrictive actions of the alkaloids. It was first suggested that

peripheral vasoconstriction may be the cause of the fescue foot syndrome and
increased body core temperatures (Jacobson et al., 1963). This
vasoconstrictive action reduced blood flow to peripheral areas and increased

body core temperatures in wethers and steers(Rhodes et al., 1989). Rhodes et

al. (1989) hypothesized that the reduced blood flow impaired the animals' ability
to redistribute heat from core tissues to the surface for cooling, thus explaining

the increase in rectal temperatures. Furthermore, a stasis in blood flow to

peripheral tissues would decrease nutrient transport to those tissues, resulting in
tissue death and possible gangrene infection similar to that associated with
fescue foot (Strickland et al., 1993).

The detrimental effects of cattle grazing endophyte-infected (E+)tall

fescue are part of a syndrome commonly referred to as "summer slump". The
unthrifty appearance of cattle consuming E+ tall fescue is most evident during
periods of environmental heat or cold stress, suggesting an interaction with
environmental conditions (Paterson et al., 1995). Because the symptoms are

exacerbated by elevated environmental temperatures, the syndrome is usually
associated with the summer months (Peter, 1994). Feed intake, respiration rate,

rectal temperature, and body temperature measurements are more affected in

heat-stressed situations as compared to thermoneutral environments; thus,

demonstrating the effects of time of year on fescue toxicosis (Osborn et al.,
1992). Cattle grazing tall fescue infected with the endophyte often exhibit signs
of fescue toxicosis (Mizinga et al., 1992). Affected cattle are usually
hyperthermic, with reduced feed intake, average daily gain (ADG), and serum
prolactin (PRL) which can cause decreased milk production. Furthermore,

roughened hair coat, decreased tolerance to elevated ambient temperatures,
photophobia, and gangrenous conditions of the extremities are also observed

(Danilson et al., 1985; James et al., 1992; Peter, 1994). In addition, affected
cattle have reduced serum cholesterol and melatonin (Porter and Thompson,
1992).

Brood mares fed endophyte-infected fescue exhibit lengthened gestation,
agalactica, retained and thickened placentas, and dystocia (Taylor et al., 1985).

Sheep on E+ tall fescue have reduced reproductive efficiency, circulating PRL,

cholesterol, and milk production. However, ewes are not as severely affected by
the endophyte as cattle (Porter and Thompson, 1992).

Reproduction and Pregnancy
One of the more detrimental effects of fescue toxicosis is its economic

impact. It has been estimated that economic losses due to cattle grazing E+ tall
fescue exceeds $600 million per year; including $354 million from reproductive
losses and $255 million from decreased weight gains (Peter, 1994).
8

Decreased calving rates are a major problem associated with fescue
toxicosis. The association of reproductive problems seems to be related to
alkaloid content of the grass resulting from endophyte infestation (James et al.,
1992). It has been estimated that conception rates decrease 3.5% for each 10%
increase in fungal infestation (Porter and Thompson, 1992). The fertility rates of
heifers and cows grazing E+ tall fescue pastures have been shown to be
significantly reduced. Pregnancy rates, as determined by rectal palpation, range
from 67 to 72% in cows grazing infected (> 85% infestation) tall fescue pastures
as compared to rates of 86 to 91% in cattle grazed on uninfected (E- = 0%
infestation) pastures (Fanning et al., 1992; Peters et al., 1992; Porter and

Thompson, 1992). In a three year study conducted by Gay and coworkers
(1988), calving rates for cows on E-(0% infected) and E+(98% infected) tall
fescue pastures were 94.6% and 55.4%, respectively. In addition, Danilson et
al. (1985) reported that increasing endophyte percentage(low = 0-20%, med =
25-60%, high = 80-99% infestation) decreased pregnancy rates (95.8%, 81.8%,
and 54.5%, respectively) in beef heifers. Furthermore, Zavos et al. (1990)
showed that CD-I mice fed E+(80% infected) tall fescue seed had lowered
conception rates and decreased litter size as compared to control animals.
The reproductive losses associated with fescue toxicosis seem to be

occurring before day 30 of pregnancy. J.C. Waller and F.N. Schrick observed
that cows on E-, 60% and 85% infected KY-31 pastures, which were pregnant at

30 d post breeding, maintained pregnancy to term (personal communication). In

that study cows were allowed to graze either E-(< 20% infected) or E+(> 65%
infected) pastures. Animals were synchronized for estrus and bred artificially
and by clean-up bulls. After 30 days the animals were determined pregnant by
ultrasonography. All animals determined pregnant were evaluated for

pregnancy at 60 days post-breeding, and calving records were also used for
verification. All animals in both treatment groups that were determined pregnant

at 30 and 60 days post-breeding maintained their pregnancy to term. Therefore,
it was determined that pregnancy is compromised by the consumption of E+ tall
fescue before day 30 of pregnancy. Waller et al.(1994)further reported that

energy supplementation (medium quality alfalfa hay) throughout the breeding
season did not improve pregnancy rates in cow-calf pairs on E+(60 and 85%
infected) tall fescue as compared to controls.

Rahe et al. (1991)suggested that embryonic mortality was occurring after

day 7 of pregnancy. That study consisted of two trials. Trial 1 utilized
superovulated heifers grazing (42 day grazing period) E-(< 5% infected) or E+

(> 90% infected) tall fescue. The embryos collected from those heifers were
then placed into recipient heifers on E- or E+ tall fescue. Pregnancy rates for
recipient animals grazing E- and E+ tall fescue were 73 and 57%, respectively.
However, it was not specified if embryos from heifers grazing E+ or E- tall fescue

pastures were placed into recipients grazing E+ or E- tall fescue pastures (ie.,

E+embryos transferred to E+or E-grazing recipients). Trial 2 used day 7
embryos from cows not on fescue which were transferred to recipient heifers on
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E- or E+ tall fescue pastures. Pregnancy rates were 72 and 31% for the E- and
E+ heifers, respectively. The authors attributed the differences in pregnancy
rates between the two trials to the effects of heat stress due to fescue toxicosis

on the embryo. However, nutritional aspects (average daily gain) were not
discussed and may have not been controlled. Furthermore, embryo quality and
stage of embryonic development were not mentioned in Trial 1. Therefore,
results from this study indicate that pregnancy loss due to fescue toxicosis may
be occurring before and/or after day 7 of pregnancy, however several questions
were left unanswered by this study.

Seals et al. (1997) noted that heifers consuming (34 ug/kg BW)
ergotamine tartrate (ET)for 51 days to simulate fescue toxicosis had lower
conception rates when bred artificially at spontaneous estrus as compared to
controls. In that study, nutrition was taken into account and was controlled such

that ADG did not differ. Pregnancy rates were 57 and 100% for heifers
consuming ET and controls, respectively(P< .05).
Male reproduction may also be impaired by the consumption of E+ tall

fescue. A study conducted by Zavos et al. (1987a) on CD-I mice treated with
E+ or E- tall fescue seed with all possible male and female treatment
combinations, concluded that reproductive performance of males and females

was significantly affected by the ingestion of the endophyte. A further study by
Zavos et al. (1990) concluded that consumption of E+ tall fescue seed by male
CD-I mice can affect their reproductive capacity by influencing the testicular11

epididymal weights, and subsequently, the quality of the spermatozoa and
overall fecundity. In addition, Alamer and Erickson (1990) reported decreased
numbers of Sertoli cells, lower LH, FSH and testosterone concentrations of 3, 5,

8, and 12 month old beef bulls on E+(medium = 50 to 70% infected; high = 80 to
84% infected) tall fescue as compared to controls(0% infected) and suggested
that the endophyte may permanently impair testicular function. However, Evans

et al. (1988) reported no differences in scrotal circumference, testicular weight,
maturity of spermatozoa, daily sperm production potential, or testosterone of
beef bulls consuming E+(67% infected) tall fescue hay or E+ hay with grain

supplementation from 60 days of age until slaughter at 13 months of age.

Puberty

Animals that consume E+ tall fescue also exhibit a delay in the onset of

puberty. Puberty was delayed in Angus heifers raised on E+(50 to 70%
infected) tall fescue pastures (Washburn and Green, 1991). In that study, no
differences in weight gain were noted because grain supplementation was

incorporated, thus eliminating any nutritional effect. In addition, the authors
observed more heifers(37%)on low endophyte(2.5% infected) grass were

cyclic before the breeding season than heifers(11%)on grass with high

infestation (85% infected). Furthermore, more heifers on the low endophyte diet
became pregnant(68%)during the breeding season than heifers on the high
endophyte diet (47%). The authors further suggested that the effects of the
12

endophyte were related more to delayed onset of puberty than to reduced
conception rates. In contrast, Buskirk et al. (1995) reported that heifers grazing
E+ tall fescue fed high amounts of corn (energy) supplement reached puberty
earlier than similar heifers fed low amounts of supplemental energy.

Varney et al.(1991) reported that achievement of puberty in CD-I mice
was influenced by factors during prenatal pregnancy. CD-I mice pups born to
females fed E+ tall fescue seed showed a delayed onset of puberty. Godfrey et

al. (1994) observed that the age of puberty (determined by vaginal opening) was
delayed by E+ tall fescue seed diets in female rats. Likewise, Advis et al. (1981)
reported that 2-bromo-«-ergocryptine, a potent dopamine agonist, given to
immature female rats beginning at 22 days of age delayed puberty by

approximately 5 days. Furthermore, Shaban and Terranova (1986)
demonstrated that 2-bromo-<^-ergocryptine mesylate (cb-154, a potent synthetic

ergot alkaloid), given as mentioned above, delayed puberty by 6 days in female
rats.

Hormonal Effects
Prolactin

Prolactin (PRL) is most commonly associated with lactation, although it
has been shown to have effects on several different tissues in the body. Tissues

such as the mammary gland, the secretory epithelium of the prostate gland, and

the gonads of the male and female have been shown to contain specific PRL
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receptors (Costlow and McGuire, 1977). The abrupt decrease in circulating
levels of PRL is the major endocrine marker of fescue toxicosis.
Decreased serum PRL concentration is the most consistent effect of the

endophyte on cattle. Control of prolactin secretion from lactotrophs of the

anterior pituitary is primarily through tonic inhibition by dopamine produced by
the hypothalamus or the anterior pituitary (Peters et al., 1981). The ergot
peptide alkaloids decrease PRL through dopaminergic and antiserotinergic
activities (Berde and Schild, 1978). Stimulatory compounds of PRL include
relaxin, oxytocin, thyroid stimulating hormone, and serotonin (Strickland et al.,
1993). Prolactin is important in mammary development and in milk production.
Schmidt et al. (1986) reported that daily milk production in beef heifers was

decreased by 1.05 kg for each 10% increase in fungal infection. Bernard et al.
(1993) observed a 30% reduction in PRL in the 5 days preceeding parturition
and a 23% reduction during the prolactin surge that began the day before and

ended the day after parturition in dairy cattle consuming E+ tall fescue hay(73%
infected) as compared to controls(0% infected). However, no decrease in milk

production was associated with the decrease in PRL in the previously mentioned
study.

Porter et al. (1990) reported that steers grazing E+ tall fescue have

increased blood levels of dihydrophenylacetic acid (DOPAC; a derivative of

dopamine) and 5-hydroindoleatic acid (a metabolite of serotonin). Porter and
Thompson (1992) suggested that increased body temperature (due to the ergot)
14

may increase the turnover of pituitary dopamine(DA)and serotonin, which
results in increased DOPAC and 5-hydroxyindoleatic acid, respectively.
Increased turnover without increased synthesis, over time, would lead to

reduced DA, serotonin, and their metabolites. Thus, impaired metabolism of

neurotransmitters responsible for regulation of PRL secretion may be secondary
to actual mechanisms of reduced reproductive efficiency. Bolt et al. (1982)
observed decreased serum PRL levels in ewes grazing KY-31 and GI-307(a

highly endophyte-infected strain). Furthermore, decreased PRL levels are
evident during all seasons in steers grazing E+ tall fescue (Thompson et al.,

1987). Conversely, PRL secretion can be restored by administration of DA
antagonists. Lipham et al. (1989) reported that administration of
metoclopramide (a dopamine antagonist) reversed the effects of E+ tall fescue
on serum PRL in beef steers.

Hyperprolactinemia has been shown to induce the onset of precocious

puberty in female rats by sensitizing the ovaries to low circulating gonadotropin
levels (Advis and Ojeda, 1978). In addition, Advis et al. (1981) reported that
PRL is involved in determining the number of luteinizing hormone(LH)

receptors, thus enhancing the ovarian response to gonadotropin stimulation

prior to puberty. Shaban and Terranova (1986)further demonstrated that 08154 significantly lowered PRL levels in female rats.

15

Luteinizing Hormone
Alterations in the secretion of luteinizing hormone may also be occurring
due to the endophyte. Heat stress associated with tall fescue toxicosis may play
a role in this alteration. Madan and Johnson (1973) reported that heat stress

reduced basal secretion and preovulatory surges of LH in Guernsey heifers and
cows. McKenzie and Erickson (1989) observed that in prepubertal heifers(7
months of age) grazing E+ tall fescue pastures(60 to 75% infected), LH levels
were lower than controls grazing low endophyte pastures.(0 to 30% infected).
However, no differences were detected in LH when these same heifers were

given 1 mg of 17p-estradiol benzoate challenge to induce a preovulatory-like LH
surge. Therefore, LH content in the pituitary is not altered, but the signal for

release is impaired. Christopher et al. (1990) reported no differences in LH
pulse frequency, pulse amplitude, or concentration of LH in ovarectomized

heifers grazing KY-31 tall fescue. Likewise, Mizinga et al. (1991,1992) observed
that E+ tall fescue seed had no effect on LH pulse frequency, pulse amplitude,
or concentration of LH when fed to lactating cows. In addition, Lemberger et al.
(1980) reported no effect of pergolide (a synthetic ergot) on LH in women.

Follicle Stimulating Hormone

Levels of follicle stimulating hormone(FSH) may also be affected by the
presence of the endophytic fungus. In a study conducted by Seals et al. (1997),
heifers were fed 34 pg/kg BW ergotamine tartrate (ET)for 51 days, to simulate
16

fescue toxicosis, and effects of nutrition were controlled. Daily blood samples

were collected for one complete estrous cycle and assayed for FSH. The

authors reported that heifers consuming ET to simulate fescue toxicosis had
increased levels of FSH on Day 6-10 of the estrous cycle as compared to
controls. This increase in FSH could possibly be due to a lack of inhibin

produced by the dominant follicle, although, inhibin levels were not determined.
However, in this same study, control animals had greater FSH concentrations on

Day 11-15 than did the treated animals. In that study, only the dominant follicle
was followed through ovulation, and no report of the number of follicles in the
growing pool was given. Therefore, fescue could possibly effect the population
of follicles (number or quality) which is available for ovulation.
McKenzie and Erickson (1989) noted that FSH levels were lower in
prepubertal heifers (3 to 5 months of age) when grazing E+ tall fescue (60 to
75% infestation) as compared to controls (0 to 30% infestation). However, no
alterations were observed in GnRH- induced FSH secretion in these same

animals. Finally, Lemberger et al. (1980) reported no effect of pergolide (a

synthetic ergot) on FSH in women.

Prostaglandin and Heat Stress
Fescue toxicosis increases the incidence of heat intolerance. Aldrich et

al. (1993) observed that heifers consuming E+ tall fescue (381 ppb of
ergovaline) had increased rectal temperatures (39.3°C) as compared to controls
17

(39.0°C). The authors, in a second experiment, further reported that Hoistein
steers consuming E+ tall fescue (285 ppb of ergovaline) had increased rectal
temperatures (37.2°C) when exposed to thermoneutral or increased
environmental temperatures as compared to controls (36.5°C). In addition,
Aldrich et al. (1993) noted that wethers consuming E+ tall fescue diets (1,170

ppb of ergovaline) had increased body temperature (40.4°C) when
supplemented with metaclopramide (a dopamine antagonist) as compared to
controls (40.0°C).
Malayer et al.(1990) observed an increase in the concentrations of

prostaglandin Fjc (PGFja) by endometrial tissue of pregnant cows on Day 17
after mating in heat stressed animals. Schrick et al. (1993) concluded that
elevated uterine concentrations of PGFja were related to low quality embryos in
cows supplemented with exogenous progesterone. Furthermore, elevated

ambient temperatures resulted in a significantly higher number of retarded
embryos (trophoblast stage) than those recovered from cattle in thermoneutral

environments on Day 17 post estrus (Putney et al., 1988).
In order for cattle to establish and maintain pregnancy, conceptus
proteins (interferon tau) must be secreted around days 14 to 17 of pregnancy
(Bazer et al., 1986). Putney et al. (1988) reported interferon tau was reduced by

72%, and PGFja and PGEj were significantly increased in heat stress
situations. This suggests that infertility associated with maternal heat stress may
be caused, partially, by alterations in signals required for maintenance of the
18

corpus luteum. In addition, progesterone (P4) was decreased in beef cows in

heat stressed situations and conceptus weights were decreased, which may lead
to increased embryonic mortality (Biggers et al., 1987).

The length of the estrous cycle is also affected by the consumption of
endophyte-infected tall fescue. As stated previously, heat stress is associated

with fescue toxicosis. Seals et al. (1997) reported lengthened estrous cycles in
heifers consuming ergotamine tartrate to simulate fescue toxicosis. Mahmood et

al.(1994) reported diminished estrus activity in yearling heifers(13 months of
age) consuming E+ tall fescue (> 75% infected), but suggested that this could be
due to decreased intake. Fuquay (1981) reported that heat stress reduces the

intensity and duration of estrus and reproductive efficiency. It was also reported
that behavioral estrus is shorter in lactating cows than nonlactating cows under
heat stress. In addition, Gangwar et al. (1965) noted that in Holstein virgin
heifers, under heat stress conditions, length of estrus activity was shorter and
estrous cycle length was increased 4 days on average.

Estradiol and Follicular Development

Concentrations of estradiol seem to be affected to some extent by
consumption of the endophyte. Estradiol secretion in response to PMSG was

reported to be reduced in 9 month old beef heifers (McKenzie and Erickson,
1989). In contrast. Cross et al. (1995) reported that serum levels of estradiol-17

beta were increased in mares consuming E+ tall fescue. In addition, dopamine
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antagonists (domperidone and sulpiride) decreased concentrations of estradiol17 beta in the mare (Redmond et al., 1994).

Impairment of reproduction caused by the endophyte could possibly be
due to an effect on follicular dynamics. McKenzie and Erickson (1989) observed
that follicular numbers (in the thousands) were reduced to approximately half in

heifers(9 months of age) ingesting highly infected fescue, as compared to
controls, when subjected to pregnant mare serum gonadotropin challenge. Total

number of follicles were 329.6, 171.0, 163.3, 106.7, 148.0, and 126.4(x 10^)for
heifers grazing 0, 15, 30, 45, 60, and 75% infected tall fescue, respectively.
However, Seals et al. (1997) reported that ovarian dynamics were not

affected in heifers consuming ergotamine tartrate (a synthetic ergot alkaloid),

suggesting that the uterine environment may be involved in pregnancy loss. In
this study, daily ultrasonography was used to follow follicular development for
one complete estrous cycle. Total numbers of follicles >5 mm, age and
diameters of the

(first wave) and F2(second wave)follicles of each

corresponding wave did not differ between treatments. Furthermore, no
differences were observed in the length of dominance of the ovulatory follicle
between treatment groups. In addition, no differences were observed in the time
of onset of estrus to ovulation among treatment groups. These authors

concluded that an improper oviductal and/or uterine environment could be

responsible for reduced conception rates in animals consuming E+ tall fescue.
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Progesterone

Increased ambient temperatures have been shown to increase

adrenocorticotropin (ACTH), which in turn stimulates increased progesterone
secretion (Gwazdauskas et al. 1972). Mahmood et al. (1994) reported
decreased concentrations of P4 in weanling heifers (6 to 8 months of age)
consuming E+(> 75% infected) tall fescue as compared to controls (0%), thus
suggesting a higher incidence of luteal dysfunction. In addition, Estienne et al.
(1990) reported that the first CL structure detected by ultrasonography was not

accompanied by a rise in P4 concentrations in heifers grazing KY-31 tall fescue;
however, ADG was also reduced, which may have affected the results.
On the other hand. Fanning et al. (1992) noted no differences in serum
P4 concentrations in beef heifers consuming E+ tall fescue. Likewise, Ahmed et
al. (1990) reported that concentrations of P4 and CL weights were unaffected in
heifers by E+ tall fescue when estrus was synchronized with two injections of

PGFja • Furthermore, Seals et al. (1997) reported no differences in P4
concentrations during a complete estrous cycle in heifers consuming ergotamine
tartrate.

Growth Rate

Schmidt et al. (1982) observed a reduction in ADG and feed intake when
steers were fed E+ tall fescue hay or seed. Schmidt et al.(1983) later reported
decreased daily gains of cows and calves and suppressed milk production
through 230 days postpartum. Fanning et al.(1992) reported that heifers on E+
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tall fescue with no energy supplementation had an ADG of 0.53 kg/day;
whereas, heifers on endophyte free (E-) pastures had an ADG of 0.80 kg/day.
In addition, Danilson et al. (1985) observed that the level of infestation
affects the ADG in beef heifers. Danilson et al. (1985)further observed a

decrease in average daily gain across all seasons for heifers between high,
medium, and low levels of infestation. In that same study, heifers on high levels
of infestation had the lightest body weight at breeding and lowest pregnancy
rates. A 13-year study reported that the level of infestation also affected ADG in

beef steers (Thompson et al., 1993); however, weight gain was not affected in
sheep consuming E+ tall fescue (Bond et al., 1988). Daura and Reid (1991)
reported better performance of growing lambs on E+ tall fescue when both
energy and protein supplements were added to the diets. Jordan et al. (1985)
reported that digestibility did not differ between E+ and E- tall fescue. It has also
been suggested that inhibition of rumen microflora activity, by perloline and
similar alkaloids, may play an important role in fescue toxicosis (Fribourg et al.,
1991).
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3. STATEMENT OF THE PROBLEM

Poor reproductive performance is a common problem that plagues many

cattle producers today. One condition that attributes to this problem is fescue
toxicosis. Consumption of endophyte- {Neotyphodium coenophialum) infected

(E+)tall fescue leads to the phenomenon of fescue toxicosis. Tall fescue is a
cool-season perennial grass occupying about 35 million acres in the U.S.

(Fribourg et al. 1991). It is estimated that cattle losses from grazing E+ tall
fescue exceeds $600 million dollars anually; including $354 million from

reproductive losses alone (Peter, 1994).

Cattle grazing tall fescue infected v/ith the endophyte often exhibit signs
of fescue toxicosis (Mizinga et al., 1992). Affected cattle are usually

hyperthermic, with reduced feed intake, average daily gain (ADG), and serum
prolactin (PRL). Furthermore, roughened hair coat, decreased tolerance to
elevated ambient temperatures, photophobia, and gangrenous conditions of the
extremities are also observed (Danilson et al., 1985; James et al., 1992; Peter,
1994).

Pregnancy is also compromised by fescue toxicosis. Porter and

Thompson (1992) estimated that conception rates decrease 3.5% for each 10%
increase in fungal infestation. Pregnancy rates ranged from 67 to 72% in cows

grazing E+ tall fescue pastures as compared to rates of 86 to 91% in cattle
grazing uninfected (E-) pastures (Fanning et al., 1992; Peters et al., 1992; Porter
and Thompson, 1992). Reproductive losses associated with fescue toxicosis
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seem to be occurring before day 30 of pregnancy as demonstrated by J.C.

Waller and F.N. Schrick (personal communication). Seals et al. (1997) observed
no differences in follicular development in heifers consuming ergotamine tartrate
to simulate fescue toxicosis. In addition, Rahe et al.(1991)suggested that
losses \A/ere occurring after day 7 of pregnancy following transfer of embryos to
recipient heifers. However, the majority of studies pertaining to fescue toxicosis
have not controlled for nutrition interactions and thus leave room for question as
to whether reduced conception rates were due to fescue toxicosis or nutritional

effects. Therefore, the objective of the current study was to evaluate the effect

of simulated fescue toxicosis on embryonic development on or after day 7 of
pregnancy.
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4. MATERIALS AND METHODS
General Methods

Forty five heifers (x = 317 kg;13 months of age)that had exhibited two
normal estrous cycles were randomly allotted to receive corn silage topdressed

with a 2:1 supplement of ground cornisoybean meal, and either 0(CON; n=25)
or 40 ug/kg body weight ergotamine tartrate (ET; Sigma Chemicals, St. Louis,
MO)daily (TRT; n=20) mixed within the supplement. Trials were conducted from

mid-April to mid-June of 1996 and 1997. Ambient temperatures during May were

20.8 and 16.8°C for 1996 and 1997, respectively. Furthermore, ambient
temperatures for June were 23.4 and 22.2°C for 1996 and 1997, respectively.
Animals were fed their respective diets for a 30-d adjustment period prior to
experimental procedures until pregnancy determination (65 days). All animals
were monitored weekly for changes in body weight gain and content of ET was
adjusted accordingly. In addition, weekly blood samples were collected for
determination of progesterone (P4) and prolactin (PRL). Furthermore, rectal

temperatures and hair coat scores (replicate 2) were taken weekly for
determination of core body temperature and as an indicator of fescue toxicosis,
respectively.

Estrus was synchronized using Syncro-Mate B (Sanofi Animal Health,

Overland Park, KS)on day 21 of the 30-d adjustment period. This treatment

consists of a 6 mg ear implant of norgestomet and an intramuscular injection of 5
mg of estradiol valerate and 3 mg of norgestomet administered at at time of
25
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Figure 4. Schematic representation of experimental design.

28 days
Pregnancy
Determination

implant Insertion. Implants were removed 9 days after insertion and heifers were
observed for 80 subsequent hours with time of estrus recorded. Estrus was

observed manually and by utilizing the ABS Heat Watch system.

Embryos

Seven days after observed estrus, two "good quality" embryos were

placed into the uterine horn ipsilateral to the CL. Corpus luteum structures were
determined by ultrasonography and assigned a quality score of 1 to 3(1 = firm,

prominent papillae; 3 = soft, with no papillae) via rectal palpation. Embryos were
thawed as described by Hart-Elcock et al. (1990). This method consisted of the
following steps after the straw containing the embryo had been allowed 5
seconds in air;

1) Contents of the straw were expelled into Solution 1 (1 mL 1M sucrose + 2 mL
of 1.4M glycerol) and left for 5 minutes.
2) Embryo was placed into Solution 2(1 ml 1M sucrose + 1 mL of 1.4M glycerol)
for 5

minutes.

3) Embryo was placed in Solution 3(1 ml of 1M sucrose and 2 mL of PBS). The
embryo was then placed into PBS + 0.4% Bovine Serum Albumin.
After evaluation, the embryos were loaded into straws and transferred. Embryos

were evaluated by two experienced technicians and assigned a quality score of
1 to 4(1= excellent, and 4 = poor). Furthermore, all transfer procedures were
performed by one technician over both replicates. Transfer scores were
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recorded on a scale of 1 to 3(1 = easy/ little cervical or uterine manipulation; 3 =
very difficult, severe uterine manipulation).

Ultrasonography

Ultrasonograms were performed with an Aloka 500 unit utilizing a 7.5
MHz rectal transducer (Corometrics Medical Systems, Wallingford, CT; Model

LIST- 5561- 7.5). Ultrasonography was used to determine location (left or right
ovary) of the CL and assist in evaluating CL quality. Furthermore,

ultrasonography was used to determine pregnancy (presence of an embryo with
a visible heartbeat) in all heifers 28 days after transfer of embryos.

Blood Preparation and Radioimmunoassay

Approximately 12 ml of jugular blood was collected weekly at 0600 and

placed into chilled tubes containing 200 pL of sodium citrate solution (25 mg/mL;
Mallinckrodt Chemical; Paris, KY). In addition, blood samples were collected at

time of implant removal for determination of synchrony, at time of embryo
transfer, and at time of pregnancy determination. Blood samples were

immediately placed on ice until arrival at the Endocrine Laboratory. Blood

samples were centrifuged (2500 x g), plasma was harvested, and samples were
stored at -20°C until assays were performed. Plasma samples were assayed for
determination of progesterone (P4) and prolactin (PRL).

Concentrations of P4 in plasma were determined as described by Plata et
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al. (1990). Sensitivity of the assay was .10 ng/ tube, with intra- and inter-assay
coefficients of variation of <10% and <5%, respectively. The sample volume

assayed was(100 pL) of serum. Furthermore, the percent binding of the assay
was 55%.

Concentrations of PRL in the plasma were determined as described by

Bolt and Rollins (1983). Sensitivity of the assay was .05 ng/mL with intraassay
coefficient of variation of <5%, using a 100 or 50 pL sample of serum. Antibody

used for the procedure was rabbit anti-goat(USDA #DJB-7-0330). Binding for
the PRL assay was 46%.

Statistical Analysis

Heifers were grouped according to treatment and groups were considered

an experimental unit. Pregnancy data and embryo quality were analyzed using
Chi-Square analysis. Concentrations of P4, PRL, alkaline phosphatase, and
alanine aminotransferase CL score, body temperature at time of embryo
transfer, changes in weight gain, average daily gain, concentration of P4 at time
of embryo transfer, hair coat scores, and interval to onset of estrus were
analyzed using the MIXED procedure of SAS (1969). Furthermore, prolactin
concentrations at the time of embryo transfer were analyzed by the Logistics

procedure of SAS. Effects of treatments were considered significant when P <
.05.
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4. RESULTS and DISCUSSION

Prolactin concentrations were significantly decreased (P < .005) in the

TRT group as compared to the CON (173.5 ± 22.5 and 274.1 ±21.2 ng/mL for
TRT and CON animals, respectively; Figure 5). In edition, PRL at the time of

embryo transfer was significantly reduced (P < .05) in TRT animals as compared
to CON (257.2 and 393.2 ng/mL, respectively; Figure 6). Decreased serum PRL
concentration is the most consistent effect of the endophyte on cattle.

Therefore, decreased PRL levels are commonly used as the major indicator that
fescue toxicosis has been induced. Decreased PRL concentrations supports the

theory that ET decreases PRL secretion as previously reported (Osborn et al.,
1992; Seals et al., 1997). Therefore, the use of ET was able to simulate fescue
toxicosis and provide a model for future studies.
Mean weight gains were 1.4 ± .1 and 1.2 ± .1 kg for CON and TRT,
respectively(P > .08; Figure 7); therefore, indicating a tendency for ET to slightly
decrease weight gain during feeding. Unfortunately, this was in contrast to our
goal of separating nutritional effects from possible actions caused by ET,
although the decrease is numerically small. Fanning et al. (1992) reported that
heifers on E+ tall fescue had an average daily gain of 0.53 kg/day; whereas,

heifers on E- pastures had an ADG of 0.80 kg/day. Furthermore, Schmidt et al.

(1982) observed a reduction in ADG and feed intake when steers were fed E+
tall fescue hay or seed. Thus, feeding of ET allows for more control of body
weight and condition than grazing; therefore, reducing any
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possible effect of nutrition (ie., reduced feed intake) on pregnancy maintenance.

In addition, hair coat scores (1 = slick, smooth coat; 4 = rough wooly coat) were
not affected by treatment. Mean hair coat scores were 2.4 ± .4 for both

treatment and control groups(P> .9). However, the current studies were not
initiated until mid-April and therefore most of the winter hair coat had been lost

by that time. Furthermore, hair coat may not be a good indicator of fescue
toxicosis at that time of year.

Concentrations of alkaline phosphatase(ALP) were not affected by
treatment. Mean concentrations of ALP were 58.6 and 57.2 lU (P > .10)for
control and treated animals, respectively (Figure 8 ). In addition, concentrations

alanine aminotransferase (ALT) were also unaffected by treatment. Mean
concentrations of ALT were 66.8 and 68.2 lU (P > .10)for control and treated

animals, respectively (Figure 9 ). Although concentrations of these enzymes
were not affected, it could be due to the fact that nutritional effects were

eliminated in the current experiment. Concentrations of ALP and ALT in

previous research have been reported to be decreased in animals losing weight
due to the ingestion of the endophyte (Oliver, 1997). Since reduced protein

intake leads to decreased concentrations of these enzymes, controlling for
nutrition could alleviate the suppression of these enzymes.

Pregnancy rates for year 1 were 1/8 (12.5%) and 4/8(50%; P > .10)for

CON and TRT animals respectively. Likewise, pregnancy rates for year 2 were
7/17(41.1%) and 6/12(50%; P> .6)for CON and TRT animals respectively.
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Overall pregnancy rates were 8/25(32%)and 10/20(50%; P > .2)for CON and
TRT heifers, respectively (Figure 10). Lowered conception rates in year 1 were
related to poor embryo quality (Figure 11).
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Figure 10. Pregnancy rates between treated on control animals over both
replicates.
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These data suggest that fescue toxicosis compromises pregnancy before day 7.
This is in contrast to results observed by Rahe et al. (1991) who reported
reduced pregnancy rates when d 7 embryos from cows not grazing fescue were
placed into heifers on E+ tall fescue. Results in the present study indicate that
there must be a problem with events occurring before day 7. There are several

differences between the present study and data reported by Rahe et al. (1991).
Nutritional aspects were controlled for in the present study but were not
discussed by Rahe and co-workers.

Also, embryo quality and stage of embryonic development were not mentioned in

Trial 1 conducted by Rahe. In addition, the allotment of embryos (if E+ donor
embryos were transferred in E+ or E- grazing recipients) was not mentioned.

Seals et al. (1997) reported that follicular dynamics in heifers were not
affected by the consumption of ET. Development of the ovulatory follicle was
not compromised by feeding ET; however, pregnancy rates of these animals

were reduced compared to control animals. The authors further postulated that

an improper oviductal and/or uterine environment may be responsible for the
reduced conception rates in animals consuming ET. The results of the current

study suggest that the uterine environment is suitable to maintain pregnancy on
or after d 7. Therefore the deleterious effects of the endophyte must be
occurring on the oocyte or during the early stages of embryonic development

(oviductal environment). One possible cause of E+ tall fescue in reducing

fertility could be an effect of the endophytic toxin on the oocyte. Erickson (1985)
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reported that oocytes in the growing foiiicie or oocytes in the later stages of
meiosis are more sensitive to toxicants than the oocytes of primary follicles.
However, studies on the oviductal environment have not been performed.

Corpus luteum score had no effect on pregnancy. Mean CL scores were
1.7 ± .2 and ^.6 ± .2 {P > .6)for CON and TRT heifers, respectively.
Concentrations of P4 at time of embryo transfer were not significantly different
between treatment groups (Figure 12). Mean concentrations were 4.1 ±.3 and
3.9 ± .3 ng/mL(P > .6)for CON and TRT animals, respectively. These data
imply that the CL was capable of maintaining pregnancy. These observations
are in agreement with Ahmed et al. (1990) and Fanning et al. (1992), who
reported no differences in P4 concentrations in heifers consuming E+ tall fescue.
These results further coincide with data reported by Seals et al. (1997) in which
P4 concentrations in heifers were unaffected by the consumption of ET.
Body temperatures of the animals at time of embryo transfer were 39.2 ±

.1 and 39.6°C ± .1 (P= .06) in CON and TRT animals, respectively (Figure 13).
As stated earlier, fescue toxicosis increases the incidence of heat stress.

Effects of heat stress on embryonic mortality are more pronounced when
occurring at or near the time of estrus than when occurring later (Putney et al.,
1989). Edwards and Hansen (1996) reported that heat shock of bovine embryos

induces alterations in protein synthesis and possibly gene expression as early
as the 2-cell stage of development. Edwards and Hansen (1997)further
reported a reduction in the number of 2-cell and 4-to-eight-cell embryos reaching
40
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the blastocyst stage when exposed to heat shock as compared to cumulus

oocyte complexes(COC's) and compacted morulae. Therefore, heat stress due
to the endophyte may alter development of the early embryo (oviduct) and
therefore reduce pregnancy rates.

There was a tendency for hours to estrus, after implant removal, to be
increased in treated animals. Mean interval to estrus was 32.9 ± 4.3 and 43.9 ±

5.0 hours(P = .10) for control and treat animals, respectively. This could be
due to a delayed LH surge, thus subjecting the ovulatory follicle to a prolonged
period of estrogen (Ej) resulting in poorer quality oocytes. Wehrmen et al.

(1993) reported that cows with low circulating levels of P4 have increased Ej
concentrations and that prolonged exposure to elevated concentrations of Ej
may alter the events required to establish and maintain pregnancy. In addition,
Ahmed et al. (1995) suggested that embryonic death in cows with persistent

follicles could be due to the effects of elevated estrogen on either oocyte
maturation or oviductal function. Even though the delay in estrus in the current

study was not associated with decreased P4 and a prior study (Seals et al.,

1997) indicated that follicular development was not altered, the oocyte had a
tendency to be in the presence of estrogen for a longer time period.
Furthermore, delay in estrus may also be associated with premature maturation
of the oocyte due to increased LH pulse frequency and this results in an aged
oocyte with reduced fertility.
In conclusion, the uterine environment under simulated fescue toxicosis
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seems to be suitable for maintenance of pregnancy on or after day 7 of

pregnancy. Therefore, future studies should focus on the oocyte, fertilization,
and/or embryonic development before day 7. Erickson (1985) reported that
toxins can affect oocyte quality. With this in mind, the toxin(s) produced by the

endophyte could possibly affect the quality of the oocyte leading to reduced
fertilization rates and/or compromise development of the embryo. Another

possibility is that oocyte quality could be compromised by prolonged exposure to
estrogen and LH. Animals in the treatment group had a strong tendency to have
a lengthened period in which they were in estrus. Weherman et al. (1993)
reported that prolonged exposure to elevated concentrations of Ej may alter the
events required to establish and maintain pregnancy in cows. In addition,

Ahmed et al. (1995) suggested that embryonic death in cows with persistent
follicles could be due to the effects of elevated estrogen on either oocyte
maturation or oviductal function. One final possibility is the effect of fescue
toxicosis leading to decreased pregnancy rates due to the fact that animals
consuming E+ tall fescue have elevated body temperatures. This increase in

temperature could lead to reduced embryonic survival as reported by Edwards
and Hansen (1996,1997).
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A dose response trial was conducted to determine the efficacy of a
subcutaneous dose of ergatamine tartrate (ET). The synthetic ergot alkaloid ET
has been administered in several different ways to induce desired effects. One

route of administration of ET that produces symptoms of fescue toxicosis is a
single intravenous injection of 5-7 mg (Browning et al. 1996). Another means of
administration used previously is the feeding of ET at a dose of 34 pg/kg/day
(Rottinghaus et al. 1991). The main drawback of this means is that it leads to
variability in the intake by the animals. Therefore, an experiment was conducted

to determine a subcutaneously injectable dose of ET that will induce symptoms
of fescue toxicosis. This route of administration would allow animals to be

maintained within identical environmental situations (i.e. pastures, water supply,
physical stress).

Ten beef cows were randomly allotted to receive either a 10 or 20 mg
subcutaneous dose of ET twice daily. All animals were bled twice daily for 5
days (A.M./P.M.) before initiation of treatment. All animals received their

assigned treatments for a 5 day adjustment period and 5 consecutive days with
A.M. and P.M. bleedings. All blood samples were analyzed for prolactin (PRL)
concentration. Rectal temperatures were also taken at the afternoon bleeding.
In addition, all data were analyzed by the MIXED procedure of SAS.

Decreases in PRL were observed in both treatment groups; however,
concentrations of PRL were affected to a greater degree by the 20 mg dose.
Prolactin concentrations were significantly decreased in 2 of the 5 animals
55

receiving the 10 mg dose and 4 of the 5 animals receiving the 20 mg dose had
significantly lower PRL concentrations(P < .05). Rectal temperatures were not
different between the two treatment groups. Therefore, it appears that a 20 mg

subcutaneous dose of ET given twice daily can induce symptoms of tall fescue
toxicosis. This could be an effective way to administer ET in future studies that
would eliminate any variation in intake of the drug.
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